Regulation of mitochondrial morphology by membrane potential, and DRP1-dependent division and FZO1-dependent fusion reaction in mammalian cells.
Mitochondria are dynamic organelles that undergo frequent fission and fusion or branching. To analyze the mitochondrial fusion reaction, mitochondria were separately labeled with green or red fluorescent protein (GFP and RFP, respectively) in HeLa cells, and the cells were fused using hemagglutinating virus of Japan (HVJ). The resulting mixing of the fluorescent reporters was then followed using fluorescence microscopy. This system revealed that mitochondria fuse frequently in mammalian cells, and the fusion depends on the membrane potential across the inner membrane. The protonophore, carbonyl cyanide m-chlorophenylhydrazone (CCCP), led to fragmentation of the mitochondria and inhibited the fusion reaction. Removal of CCCP recovered the fusion activity to reform filamentous mitochondrial networks. Analysis of the effects of GTP-binding proteins, DRP1 and two FZO1 isoforms, and the GTPase-domain mutants on the CCCP-induced mitochondrial morphologic changes revealed that DRP1 and FZO1 are involved in membrane budding and fusion, respectively. Furthermore, a HVJ-dependent cell fusion assay combined with RNA interference (RNAi) demonstrated that both FZO1 isoforms are essential and must be acting in cis for the mitochondrial fusion reaction to occur.